Adrenergic Stimulation Accelerates Mitochondrial Ca2+ uptake by PYK2-Dependent Phosphorylation of Mitochondrial Ca2+ Uniporter in Cardiac H9C2 Cells  by O-Uchi, Jin et al.
Wednesday, February 6, 2013 657aeffect, different Bax and Bcl-xL mutants were co-expressed in yeast. We found
that wild-type Bcl-xL increased the mitochondrial localization of Bax; but that
this effect was lost when Bcl-xL mutants unable to physically interact with Bax
were expressed instead of wild-type Bcl-xL. Also, Bax retrotranslocation from
mitochondria to cytosol was also increased; suggesting that both translocation
and retrotranslocation events were differentially stimulated by the expression
of wild-type Bcl-xL. Further, a C-terminally truncated mutant of Bcl-xL, that
lost its capacity to relocate to mitochondria, still increased the mitochondrial
localization of and cytochrome c release activity of wild-type Bax. Finally,
wild-type Bcl-xL protected activated Bax against proteolytic degradation.
These data suggest that Bcl-xL, by acting as a modulator of mitochondrial
Bax localization, may play an active role along the pathway leading to Bax
activation.
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Mitochondrial (mt) network undergoes locally frequent fragmentation and
fusion events. When integrated over time, its basic morphology encompasses
highly interconnected mt reticulum, a single mitochondrion within the cell
(1). Upon certain insults and/or pathological states fragmented network
persists. MtDNA is organized in nucleoids containing assessor proteins and
recruited proteins of mt replication/ transcription machinery. It is debated on
their uniform size and whether a single nucleoid contains a single mtDNAmol-
ecule or up to average 6 mtDNA molecules. To image nucleoid distribution
within mt network, we employed 3D super-resolution fluorescent photactivable
localization microscopy of Biplane schema (1). Mt network of hepatocellular
carcinoma HepG2 cells was imaged first by its matrix space using mtEos2 or
as outer mitochondrial membrane contour using Eos2-conjugates of truncated
FIS1 protein (not inducing massive fission, Eos2-FIS1tr). Resulting 3D images
confirm the existence of highly-connected mt network and unlike conventional
confocal microscopy, 3D BiplaneFPALM distinguished a hollow character of
mt reticulum tubules when visualized by Eos2-FIS1tr. Upon network fragmen-
tation, hollow max ~2 micrometer spheres occurred. Imaging of mt nucleoids
confirmed the existence of ~1000 nucleoids per cell with size distribution
from 50 nm to 300 nm. Optimized dual transfection strategy had to be em-
ployed for simultaneous imaging of network (mtEos or Eos2-FIS1tr) and nucle-
oids (mtSSB-PSCFP2). Images revealed an equidistant nucleoid distribution of
an average distance of ~1 micrometer between nucleoids. Fragmentation by
different agents led to observations of clusters of mt nucleoids within the spher-
ical fragmented objects thus formed.
Supported by grants P302/10/0346, P305/12/P388 and P305/12/1247 of GACR
and ME09029 (Czech Ministry of Education); and 1R01GM091791-02 (NIH).
(1) Mlodzianoski MJ, Schreiner JM, Callahan SP, Smolkova´ K, Dlaskova´ A,
Santorova´ J, Jezek P, Bewersdorf J. Opt Express 2011;19:15009–19.
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To understand the mechanisms involved in the control and regulation of mito-
chondrial reactive oxygen species (ROS) levels, a two-compartment computa-
tional Mitochondrial Energetic-Redox (ME-R) model accounting for energetic,
redox and ROS metabolisms is presented. The ME-R model incorporates four
main redox couples (NADH/NADþ, NADPH/NADPþ, GSH/GSSG, Trx(SH)2/
TrxSS). Main scavenging systems - glutathione, thioredoxin, superoxide dis-
mutase, catalase - are distributed in mitochondrial matrix and extra-matrix
compartments, and transport between compartments of ROS species (superox-
ide: O2
.-, hydrogen peroxide: H2O2), and GSH is also taken into account. Model
simulations are compared with experimental data obtained from isolated heart
mitochondria. The ME-R model is able to simulate: i) the shape and order
of magnitude of H2O2 emission and dose-response kinetics observed after
treatment with inhibitors of the GSH or Trx scavenging systems; and ii) steady
and transient behavior of DJm and NADH after single or repetitive pulses of
substrate- or uncoupler-elicited energetic-redox transitions. The dynamics of
the redox environment in both compartments is analyzed with the model fol-
lowing substrate addition. The ME-R model represents a useful computationaltool for exploring ROS dynamics, the role of compartmentation in the redox
environment modulation, and the role of redox regulation in the control of mi-
tochondrial function.
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The progressive loss of midbrain dopaminergic neurons is the hallmark of
Parkinson’s disease (PD). Defects in mitochondrial electron transport and
mitochondrial DNA replication predispose to the onset of PD. The protein
products of several PD genes, including Parkin, Pink1 and DJ1 are known to
localize to mitochondria; pathological mutations in these genes may disrupt
mitochondrial function. In a previous studywe found that the anti-apoptotic pro-
tein Bcl-xL enhances the efficiency of neuronal energy metabolism by
increasing total cellular ATP levels while decreasing cellular oxygen use.
Bcl-xL produces this effect in part through a direct interaction with the beta sub-
unit of the F1Fo ATP synthase. The interaction causes a decrease in leak of Hþ
ions across the mitochondrial inner membrane, correlated with an increase in
coupling of oxidative phosphorylation. We now show that the Parkinson’s dis-
ease gene-encoded protein, DJ1 (PARK7), is also associated with the ATP syn-
thase complex and has a similar regulatory effect on enzymatic activity of the
synthase and on the coupling of oxidation to phosphorylation. Pathological
mutations of DJ1 may disrupt mitochondrial efficiency leading to neurodegen-
eration of mesencephalic dopaminergic neurons. The exact site of the leak
inhibited by Bcl-xL and DJ1 is now being determined, but likely resides in or
adjacent to the c-subunit ring of the ATP synthase Fo. Improved mitochondrial
metabolic efficiency that accompanies decreases in Hþ leak may result in long
lasting changes in synaptic efficacy and survival in both healthy and at-risk neu-
rons, suggesting a role for leak regulation in future therapeutic interventions.
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Several studies have demonstrated that G-protein coupled estrogen receptor
(GPER1) can directly bind to estrogen and mediate its action. We previously
demonstrated that GPER1 activation with G1, a specific agonist is cardioprotec-
tive in wild-type (WT) mice subjected to ischemia/reperfusion injury. Here, we
identified regulatedmitochondrial proteins associatedwithGPER1activation by
estrogen treatment in WT and GPER1-/- mouse hearts after ischemia/reperfu-
sion. Isolated hearts from male WT (C57BL/6NCrL) or GPER1-/- mice were
perfused using the Langendorff technique with Krebs Henseleit buffer, with
and without (control) the addition of estrogen (40 nM). Hearts were subjected
to 18 min global ischemia followed by 10min reperfusion. Mitochondria were
isolated, and 2D-DIGE followed bymass spectrometry was performed. Proteins
of interestwere the ones (up- or down- regulated) inWTþE2vs.WT-control that
remained unchanged in GPER-/-þestrogen vs. GPER-/–control andWT-control
vs.GPER-/–control.Robust changesof proteinswere observed in 45 spots, out of
which 14 were down regulated and 31 up regulated. In these 45 spots, 52 unique
proteins were identified. Among the proteins identified, estrogen treatment in-
duced the regulation of enzymes mostly involved in electron transfer chain
and ATP production. Estrogen action involved the down-regulation of filament
proteins (filaminA,B,C), the up-regulation of proteins that activate transcription,
and proteins involved in the contractile system (tropomyosin and myosin).
Further, estrogen treatment is associated with regulation of proteins acting in
stress (stress-70 protein, and 60 kDa heat shock protein), in cell communication
(glial fibrillary acidic protein), and in signaling pathways (membrane-associated
phosphatidylinositol transfer protein). Finally, estrogen down-regulated the
mitochondrial inner membrane protein, this protein controls mitochondrial cris-
taemorphology. In conclusion, rapid estrogen effects throughGPER1 activation
are associated with the down- or up-regulation of mitochondrial and non-
mitochondrial proteins likely in close contact to mitochondria.
3377-Pos Board B532
Adrenergic Stimulation Accelerates Mitochondrial Ca2D uptake by
PYK2-Dependent Phosphorylation of Mitochondrial Ca2D Uniporter in
Cardiac H9C2 Cells
Jin O-Uchi, Bong Sook Jhun, Shey-Shing Sheu.
Jefferson Medical College, Thomas Jefferson University, Philadelphia,
PA, USA.
Background: Recent break-through discovery in the molecular identity of
mitochondrial Ca2þ uniporter (MCU) opens the new possibilities for applying
658a Wednesday, February 6, 2013genetic approaches to study mitochondrial Ca2þ regulation in various cell types
including cardiac myocytes. Basal tyrosine phosphorylation of MCU was
reported in human sample mass spectroscopy, but the post translational modi-
fications of MCU are completely unknown.
Hypothesis: Tyrosine phosphorylation of MCU can modulate the mitochon-
drial Ca2þ-uptake rate in cardiac cells.
Methods:MCU was transiently or stably overexpressed in cardiac H9C2 cells.
Tyrosine phosphorylation of MCU was detected by a general anti-phospho-
tyrosine antibody. Mitochondrial Ca2þ concentration ([Ca2þ]m) was measured
by mitochondrial matrix-targeted Ca2þ-sensitive inverse pericam (Mitycam).
Results: a1-adrenergic stimulation by phenylephrine enhanced the transloca-
tion of a Ca2þ-dependent tyrosine kinase named proline-rich tyrosine kinase
2 (Pyk2) from cytosol to mitochondria followed by the increase in mitochon-
drial Pyk2 activity. Overexpressed MCU was exclusively localized at mito-
chondria and tyrosine residues in MCU were phosphorylated after Pyk2
activation. In addition, Pyk2 was bound to MCU at the basal condition
and this interaction was enhanced by phenylephrine treatment. Moreover,
Pyk2-dependent phosphorylation of MCU enhances MCU olgomerization
observed by a conventional native PAGE. These effects were abolished by
the co-transfection of kinase-dead Pyk2. In MCU-overexpressed cells,
[Ca2þ]m increased rapidly and reached to higher levels in response to cytosolic
Ca2þ transients evoked by thapsigargin compared to non-transfected cells.
Moreover, peak [Ca2þ]m in MCU-overexpressed cells reached to much
higher levels by phenylephrine pretreatment compared to non-treated cells.
Conclusion: a1-adrenergic stimulation accelerates mitochondrial Ca
2þ uptake
through Pyk2-dependent direct phospholylation of MCU, which promotes the
formation of tetrametric MCU channel pore. Our findings open up an exciting
opportunity for investigating the first candidate cell signaling pathway for the
MCU post translational modifications in cardiac cells.
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Mitochondrial production of reactive oxygen species (ROS) contributes to the
progression of heart failure, but the mechanisms of ROS generation are incom-
pletely resolved. Superoxide (.O2
) is generated at the electron transport chain,
dismutated to H2O2 and eliminated by enzymes that require NADPH. The nic-
otinamide nucleotide transhydrogenase (NNT) is highly expressed in the heart
and catalyzes the reaction NADHþNADPþ to NADPHþNADþ. Since this
reaction is coupled to the proton-motive force, it is perceived that the NNT pre-
vents ROS production by regenerating mitochondrial NADPH. The exact role
of the NNT in cardiomyocyte biology, however, has never been assessed. We
took advantage of a loss-of-function mutation in the Nnt gene in C57BL/6J, but
not C57BL/6N mice. In isolated cardiac myocytes exposed to a physiological
increase in workload, b-adrenergic stimulation led to mitochondrial Ca2þ-
induced Krebs cycle activation with NADH regeneration, providing a substrate
for the forward mode NNT reaction to regenerate NADPH. In contrast, under
Ca2þ-free conditions in isolated mitochondria, acceleration of NADH-
coupled respiration by ADP favoured the reverse-mode NNT reaction, regen-
erating NADH by oxidizing NADPH. Accordingly, in response to an elevated
workload in isolated hearts, the NADPH-coupled antioxidants glutathione and
peroxiredoxin were oxidized through reverse-mode NNT reaction. This re-
sulted in elevated mitochondrial formation of H2O2 in vivo after thoraco-
aortic constriction (TAC) for 6 weeks. In NNT-deficient C57BL/6J mice,
TAC-induced oxidative stress in vivo, cardiac fibrosis, left ventricular dysfunc-
tion and early mortality were ameliorated. Furthermore, scavenging mitochon-
drial ROS with the peptide SS-31 in vivo reduced TAC-induced mortality
in C57BL/6N mice to levels observed in C57BL/6J mice. In conclusion, we
believe that we discovered the mechanism how an inadequate increase in car-
diac workload produces mitochondrial oxidative stress that leads to maladap-
tive cardiac remodelling and cardiac decompensation.
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Mitochondrial transcription factor A (TFAM) plays pivotal roles in packaging
mitochondrial DNA (mtDNA) and regulating its transcription in mammalian
mitochondria. We have previously shown that chronic stress induced by
repeated low-dose applications of the complex I inhibitor 1-methyl-4-phenyl-
pyridinium (MPPþ) results in impaired biosynthesis of mtDNA-encoded
proteins, accompanied by a reduction in TFAM expression. MPPþ - induced
mitochondrial dysfunction and TFAM down-regulation was markedly inhibited
by U0126, ERK1/2 RNAi or transfection of dominant-negative MEK1. Here,
we report that TFAM is post translationally modified by phosphorylation dur-
ing chronic MPPþ treatment through a mechanism reversed by U0126. In
addition, we demonstrate that TFAM is a direct target of ERK2 as assessed
in an in vitro kinase reaction, and are characterizing potential phosphorylation
sites. Intriguingly, we also observed reduced levels of TFAM in midbrain tissue
from a transgenic mouse model of autosomal dominant Parkinson’s disease;
2-D immunoblot analysis suggests increased phosphorylation of both TFAM
and ERK1/2, suggesting the possibility of common mechanisms in the toxin
and genetic models. Further investigations of the biological significance of
TFAM phosphorylation may shed light on mechanisms regulating mitochon-
drial homeostasis and cell fate in response to disease-related cellular stresses.
3380-Pos Board B535
Properties of the Mitochondrial Permeability Transition in Drosophila
S2RD Cells
Dipayan Chaudhuri1, Daniel Artiga2, David E. Clapham3.
1Massachusetts General Hospital, Boston, MA, USA, 2Harvard University,
Boston, MA, USA, 3Boston Children’s Hospital, Boston, MA, USA.
The mitochondrial permeability transition, caused by factors such as reactive
oxygen species or calcium overload, has been extensively studied in mamma-
lian cells, but its presence remains in doubt in non-mammalian organisms. In
Drosophila, prior studies have documented calcium-induced depolarization
and release, but no obvious swelling. Here we show that Drosophila S2Rþ cells
do possess the machinery for permeability transition, but that its requirement
for calcium overload is significantly higher than in mammalian systems. using
a calcein-loading method, we show that Drosophila permeability transition can
be triggered by calcium overload, using ionomycin, and by cysteine oxidation,
using phenylarsine oxide. As in mammalian systems, pharmacological block-
ade of mitochondrial cyclophilin (cyclosporine A) or the ATP/ADP transporter
(bongkrekic acid) inhibits the Drosophila permeability transition. Finally, we
examine the pathways for calcium influx into S2Rþ mitochondria to see if
differences in these pathways between mammalian and Drosophila cells may
partly explain the discrepancy in calcium requirement.
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Mitochondria are crucial not only in energy metabolism but also in regulation of
cell senescence and apoptosis. The strict control of inner mitochondrial mem-
brane permeability and selective ion transport is essential formitochondria func-
tioning. Potassium ions homeostasis is an important process for mitochondrial
optimal functioning. Potassium channels such as ATP-regulated, large conduc-
tance calcium activated and voltage dependent channels were observed in inner
mitochondrial membrane in various mammalian tissues. Recently, we have
identified potassium channels in inner mitochondrial membrane of potato Sola-
num tuberosum and Acanthamoeba castellanii. Currently we characterize mito-
chondrial potassium channels from one of Dictyostelium species. It is
commonly used as a model organism to study cell differentiation, metabolism
and programmed cell death. Preliminary experiments are focused on biophysi-
cal and pharmacological characterization of mitochondrial ion channels.
Purified inner mitochondrial membranes (submitochondrial particles) were
reconstituted into planar lipid bilayer. To form model membranes asolectin
from soybean mixture of phospholipids was used. We observed two types
of potassium selective ion channels in submitochondrial particle samples:
a large- and small-conductance channels. Experiments were performed
both in gradient solution 50/150mMKCl (cis-trans) and in symmetrical solution
150/150mMKCl at voltages from50 to 50 mV. Regulation of the channel ac-
tivity by divalent cations such as Ca2þ and Mg2þ was explored. Additionally,
interaction of the ATP with mitochondrial potassium channels was character-
ized. The knowledge on mitochondrial ion channels may contribute to under-
standing molecular mechanism of Dictyostelium discoideum functioning.
Thiswork was supportedby Polish Mitochondrial Network. MitoNet.pl
